Background/Aims: Several researches have evaluated the significance of SATB1 (Special ATrich sequence binding protein 1) expression in breast cancers (BCs), but the results have been disputed, especially in the aspects of clinicopathological features and prognosis. Therefore, our study aimed to use a meta-analysis to summarize the clinical and prognostic relevance of SATB1 gene expression in BCs. Methods: A literature search of PubMed, EMBASE, Cochrane library, Chinese Wanfang and CNKI was performed to identify eligible studies. Ten studies total, comprising 5,185 patients (1,699 SATB1-positive and 3,486 SATB1-negative), were enrolled in our study, which was performed using Revman5.3 Software and Stata11.0 Software. Results: This meta-analysis showed that the expression of SATB1 was significantly higher in breast cancer than in normal tissues (OR = 12.28; 95%CI = 6.01-25.09), and was statistically related to several clinicopathological parameters, including lymph node metastasis (OR = 1.55, 95%CI = 1.01-2.39) and Tumor Node Metastasis(TNM) stage (OR = 0.35, 95%CI = 0.22-0.56). However, the level of SATB1 was not statistically associated with the age (OR = 1.13, 95%CI = 0.87-1.46), tumour size (OR = 0.72, 95%CI = 0.44-1.19), estrogen receptor (OR = 0.78, 95%CI = 0.55-1.09), progesterone receptor (OR = 0.64, 95%CI = 0.32-1.29), HER2 status (OR=1.98, 95%CI = 0.74-5.30), and histological type (OR = 0.49, 95%CI = 0.22-1.11). Conclusion: High expression of SATB1 was significantly correlated with tumourigenesis and metastasis of BCs, indicating poor prognosis for patients. SATB1 could serve as a potential marker for detection and prognosis evaluation of breast cancers.
Introduction
Cancers have the highest mortality rates among various diseases in developed countries [1] . The global incidence of breast cancer has been on the rise since the late 1970's, Currently, breast cancer (BC) is one of the most common cancers among women in the world, accounting for 23% of tumours in females [2] . With the development of molecular biology, researchers have been paying increasing attention to biological markers associated with metastasis and recurrence of breast cancers. Despite advances in early detection through mammography screening, there are still multiple hurdles in the early diagnosis and accurate prognosis evaluation of breast cancers [3] . Therefore, there is an urgent need to identify sensitive and specific molecular markers to predict breast cancer tumourigenesis and metastasis.
The special AT-rich region binding protein 1 (SATB1) is a nuclear matrix attachment regions (MARs)-binding protein that forms a docking site for chromatin-modifying enzymes and transcription activators or repressors. As a potent epigenetic regulator, SATB1 may affect the transcription of numerous genes [4, 5] . Jacob Elebro et al. [6] indicated that tumors with higher expression of SATB1 were a more aggressive tumour phenotype and might result in a shorter overall survival of patients for diverse cancers, including BCs, colorectal cancers, gastric cancers and gliomas. SATB1 expression was associated with cell development, proliferation and differentiation in this study [7] . Additionally, SATB1 appears to interact with the BCL2 gene and partly regulate BCL2 expression, which that is crucial in the regulation of apoptosis [8] . In breast cancer cells, SATB1 inhibited the tumour metastasis suppressor genes BRMS1 and KAI1 [9] . Neill Patani et al. [10] showed that SATB1 mRNA expression was significantly associated with positive estrogen receptor (ER + ) status and poor prognostic parameters, including increasing tumour grade, TNM stage and the Nottingham Prognostic Index (NPI). Furthermore, breast cancer cells with increased SATB1 expression acquired a metastatic phenotype [11] . Interestingly, a recent study illustrated that knockdown of SATB1 inhibited cell invasion and proliferation [12] . Kohwi-Shigematsu et al. [13] demonstrated that there were obvious difference in levels of SATB1 protein or mRNA between nontumourigenic and aggressive breast cancer cell lines. Consequently, silencing SATB1 in BC with high expression of this protein may open a new target for BC therapy.
The relationships between SATB1 and clinicopathological features in BC patients have been reported in many studies. However, most research studies have had limited power to explore the association between SATB1 expression and BCs patients' clinicopathological parameters due to small sample sizes. Meanwhile, a previous study reported that SATB1 expression did not promote breast cancer progression and was not associated with breast cancer outcomes [14] . Therefore, we conducted a meta-analysis to evaluate the prognostic value of SATB1 in BCs with a larger sample size of patients.
Materials and Methods

Literature search
We searched the PubMed, EMBASE, Cochrane library, Chinese Wanfang and CNKI databases for studies published through January 2016, with the following keywords: SATB1 and breast cancers or Special AT-rich sequence binding protein 1 and breast cancer; prognosis and overall survival. In addition, all references in these eligible studies were examined to identify additional literature that had not been retrieved from the databases in order to discover additional relevant publications.
Inclusion Criteria
Eligible studies in this meta-analysis met the following standards: the studies were related to breast cancers and the SATB1 gene, the patients in the studies were females who were pathologically diagnosed with breast cancers, the studies were of case-control design, and the studies contained sufficient published data available for calculating an odds ratio (OR) and 95% confidence interval (CI). If there were duplicated data, we chose the study with the most complete data or the most recent study. 
Exclusion Criteria
The exclusion criteria included the following types of publications: studies with repeated data; reviews, case reports, letters and conference abstracts; studies in which the number of patients with SATB1-positive or SATB1-negative could not be provided; and studies lacking original data.
Data Extraction
The relevant information of each eligible study was extracted independently by two researchers (Pan and Jing), which included, the authors, year of publication, study origin, study objects, measuring method, clinical stage as well as other relevant factors.
Statistical Analysis
The pooled ORs and 95%CIs were used to assess the relationships between SATB1 expression and breast cancers. The survival outcomes of breast cancer patients with SATB1 expression were evaluated by ORs and 95%CIs. The clinicopathological features included age, tumour size, lymph node status, histological type, TNM stage, and hormone estrogen receptor (ER), progesterone receptor (PR) and HER2 status. The ORs and 95%CIs were also used to evaluate the associations of SATB1 with clinic pathological factors of breast tumours. We divided the clinicopathological factor of age the two following ranges: ≤ 50 and > 50 years of age. For tumour size, sample were divided according to whether they were ≤ 2 cm or > 2 cm in size. Similarly, histological types included IDC (Infiltrating Ductal Carcinoma) and other types. In accordance with the American Joint Committee on Cancer (AJCC) staging system [15] , the patients were separated into TNM stages: those that were early-stage (≤Ⅱ) and those that were late-stage (≥Ⅲ). As for histological grade, grade≤Ⅱ and grade ≥Ⅲ were assigned as low-grade and high-grade, respectively. The Revman5.3 Software, which was recommended by Cochrane Collaboration, was used to perform the meta-analysis and evaluate heterogeneity between studies by Cochrane Q-test and P-values. If heterogeneity was absent (I 2 ≤ 50% or P ≥ 0.05), a fixed-effect model was used to calculate pooled ORs. If not, the random-effect model was more appropriate and was employed to calculate the ORs [16] . In addition, the 2 -test put forward by Higgins and Thompson was used to accurately evaluate the degree of heterogeneity [17] . Sensitivity analysis and publication bias were performed by using Stata11.0 Software. Publication bias was evaluated by Begg's test, and a significance of P>0.05 was considered to denote no deviation among publications.
Result
Included studies and characteristics Ninety-three articles were identified by our search, of which 45 records were identified through PubMed and 49 records were from other sources. After the titles and abstracts were reviewed, 71 duplicate and irrelevant articles were removed. After carefully reading the fulltext articles, the following 12 papers were removed: 5 review articles and 7 papers that did not have sufficient data for further analysis. Consequently, 10 published articles were eligible for our meta-analysis [7, 11, [18] [19] [20] [21] [22] [23] [24] [25] . Table 1 summarized the main characteristics of the included 10 studies ranging from 2008 to 2015. All of the patients were divided into 2 groups, Asian and Caucasian. Immu-nohistochemistry (IHC), microarrays and Immunoblotting (IB) were the methods used to assess SATB1 expression in BC tissues.
Relationships between SATB1 expression and clinicopathological parameters
Ten studies enrolling 5,185 participants, in which 1699 patients were SATB1-positive and 3,486 patients were SATB1-negative, showed that high expression of SATB1 was positively correlated with breast cancer progression (OR = 12.28, 95%CI = 6.01-25.09, P<0.00001, random-effect) (Fig. 1A) . Furthermore, the SATB1 expression was significantly related to several clinicopathological parameters, including lymph node metastasis (OR = 1.55, 95%CI = 1.01-2.39, P = 0.05, random-effect), and TNM stage (OR = 0.35, 95%CI = 0.22-0.56, P < 0.0001, fixed-effect) (Fig. 1D,  E) . However, SATB1 expression was not associated with the age of patients (OR = 1.13, 95%CI = 0.87-1.46, P = 0.36, fixed-effect), tumour size (OR = 0.72, 95%CI = 0.44-1.19, P = 0.20, random-effect), ER (OR = 0.78, 95%CI = 0.55-1.09, P = 0.14, fixed-effect), HER2 (OR = 1.98, 95%CI = 0.74-5.30, P = 0.17, random-effect), PR status (OR = 0.64, 95%CI = 0.32-1.29, P = 0.21, random-effect), and histological type (OR = 0.49, 95%CI = 0.22-1.11, P = 0.09, random-effect) (Fig. 1B-C, F-I ).
Sensitivity analysis
To assess whether the individual studies affected the overall results, we conducted a sensitivity analysis using Stata11.0 software. The results indicated that each individual study expression of SATB1 has been demonstrated to correlate with reduced overall survival in breast cancer patients [18] . Recently, studies have suggested that SATB1 played a crucial role in the metastatic process of breast cancers [27] . In this meta-analysis, we illustrated that high expression of SATB1 was positively correlated with breast cancer risk, especially with breast cancer metastasis.
Recently, many studies indicated that SATB1 has an abnormally high expression in a variety of tumour cells, affecting the promotion of tumour growth and metastasis. Han et al. [18] reported that SATB1 expression was significantly higher in poorly differentiated tissues. Additionally, the SATB1 protein played an important role in early differentiation, cell homeostasis and responses to a number of types of stimulation [27, 28] . Meanwhile, researches elaborated that SATB1 acted as a 'master genome organizer' in human breast carcinogenesis and SATB1 mRNA expression was associated with poor prognostic parameters, including increasing tumour grade, TNM stage and NPI (Nottingham Prognostic Index) [10, 29] . Thus, SATB1 could be considered as a potential prognostic factor for breast cancer.
The most important reason for the low 5-year survival rate is the occurrence of distant metastases evaluated by lymph node metastasis. Recently, studies suggested that SATB1-dependent genes regulated the genes that are known to promote either bone [30] or lung [31] metastasis in MDA-MB-231 cells. The development of breast tumours involved the regulation of various molecules, including SATB1, Notch1 and Snail1. In 2015, Sun et al. [12] indicated that overexpression of SATB1 in MCF-7 cells increased the expression levels of Notch1 and Snail1. These studies demonstrated that the expression of SATB1 may increase the size of the breast cancer stem cell (BCSC) population via the activation of Notch signaling, which was required for increased expression of Snail1. Meanwhile, Yuan et al. [32] indicated that higher expression of Notch signaling was associated with a greater possibility of lymph node metastasis (LNM) and higher TNM stages. Notably, previous studies have suggested that the activation of Notch promoted the expansion of BCSCs and was associated with the development and progression of breast cancer [33, 34] . Breast cancer cells have also been hypothesized to acquire stem cell-like properties associated with EMT [35] , for which snail1 activity is required [36] . Thus, SATB1 might be used to predict the occurrence of tumour metastasis.
In our meta-analysis, we evaluated the relationship between the expression of SATB1 and TNM stage in BC. We found that TNM stage was associated with the expression of SATB1, which indicated its utility in predicting the likelihood of disease progression in patients with early-stage breast cancer. Gao et al. [37] demonstrated that knockdown of SATB1 in highly aggressive MDA-MB-231 cancer cells reversed tumourigenesis and inhibited tumour growth and metastasis in vitro. Therefore, SATB1 can serve as a sentinel, indicating that cells have acquired the aggressive phenotype.
Studies have also demonstrated that SATB1 expression was significantly related to clinicopathological parameters. The levels of SATB1 expression were correlated with tumour size [24] as well as HER2 [7] , ER and PR [25] status in breast cancer. Han et al. [18] found that SATB1 was a prognostic factor, which was independent of histological type. However, our subgroup analysis showed that SATB1 expression was not associated with age, tumour size, histological type, ER, PR and HER2 status. Considering the limited sample size in eligible studies, we cannot draw a definitive conclusion concerning the relationships between SATB1 and these clinicopathological parameters. Therefore, more studies with larger sample sizes are needed for further study.
There are several limitations in our study. First, different methods were used to assess SATB1 expression in the eligible studies, and these differences might have a great impact on the results. Second, most of the included studies reported positive results because those with negative results are generally less likely to be published, which may be the cause of publication bias in the subgroup of lymph node metastasis. Third, not all of our studies were based on case-control studies, which may affect the quality of this meta-analysis. Finally, the results of subgroups may be affected due to the limited number of studies.
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